Virtually all diseases have a genetic component. This what they are and what they do) will aid in diagnosis, risk assessment, and treatment of disease. genetic susceptibility then dovetails with environmental factors to place some people at greater risk than others for a disease. To gain a better understanding of Common tools of genetic research how genes and the environment interact to influence the development of complex diseases, researchers gathThe primary work of the Human Genome Project has been to produce three main research tools that will ered at the National Institutes of Health (NIH) on 2-3 April 1997, to present the latest findings from the field allow investigators to identify genes involved in normal biology as well as complex diseases: a genetic map, of genetic and environmental research. The meeting was sponsored by the National Institute on Alcohol consisting of thousands of short, distinctive pieces of DNA more or less evenly spaced along the chromoAbuse and Alcoholism (NIAAA), the lead Federal entity for research into the effects of alcohol. The meetsomes; a physical map, which consists of sets of overlapping DNA segments that collectively span an entire ing was in keeping with NIAAA's mission to better understand the antecedents of alcoholism and to genome; and a complete sequence of all DNA nucleotides (ie, the exact order of all the DNA bases that make improve the prevention and treatment of problems related to this disease. This article presents highlights up the human genome). Currently, most disorders being studied are in the genetic mapping stage of invesfrom the meeting, including recent findings and future directions of genetic research as it relates to alcoholism tigation. 2 Large-scale DNA sequencing is under way, however, and should be complete within the next 7-and other complex diseases.
8 years.
2 Allele-sharing methods, such as affected sib-pair Tracing genetic origins of disease analysis, may offer the best approach for identifying those individuals at risk for alcoholism. 2 These It is well known that genes and the environment interact in the development of disease. For example, in canmethods involve studying affected relatives in a pedigree to see how often a particular copy of a chromocer, genetic factors influence an individual's susceptibility to disease whereas environmental factors, such somal region is shared identically-by-descent (IBD). Genetic mapping by this method is easiest for traits as smoking or exposure to sunlight may provide the initiating events that trigger development of the diswith high relative risk that are influenced by a small number of genes (so that individual genes have a ease. Cancer, once initiated, proceeds via a sequence of changes in gene expression. Other diseases shown to greater effect on the relative risk). 3 Careful definition of subphenotypes within a disease can sometimes have clear genetic components include cystic fibrosis, which is 95% genetically influenced; adult onset diaresult in more Mendelian inheritance patterns, revealing genes that are easier to map. betes, which is 70% genetically controlled; and even AIDS, which is at least 5% genetically influenced.
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Perhaps the most promising strategy, one that offers the greatest statistical power, will be to perform wholeThese genetic components place some people at greater risk than others for developing the disease. A deeper genome association studies. This approach is possible because, compared with other species, the human race understanding of the genes involved in disease (ie, is relatively young and, therefore, has had relatively little genetic variation and recombination throughout the history of the species. Individuals have inherited DNA from their remote ancestors in blocks of approxi- 5 Since that time, inbred strains of rats and mice have been observed to demonstrate different number of factors, including sociocultural environment, individual characteristics (eg, impulsivity and degrees of preference when they have voluntarily consumed alcohol, indicating that this trait is genetically novelty-seeking behavior) and pharmacological factors (eg, metabolism, sensitivity, and tolerance). 9 One influenced. 5 Animal models also offer a means for identifying the example of how individual characteristics and pharmacological aspects combine to affect drinking behavior is approximate locations of genes in the genome using quantitative trait loci (QTL) mapping. This method demonstrated in studies involving the enzymes alcohol dehydrogenase (ADH) and aldehyde dehydrogenase involves comparing alcohol-related behaviors in animals bred according to a specific experimental scheme (ALDH).
9
ALDH is one of the two principal enzymes involved (eg, recombinant inbred, intercross, and backcross) and observing coinheritance of genetic markers with in alcohol metabolism. ALDH has four isoenzymes: three that exist primarily in the cell's cytoplasm and behaviors. The advantage of this approach is that it can locate genes affecting a particular phenotype without one-called ALDH2-that exists in the mitochondria. Several variants exist of the gene that produces any prior knowledge of the biological mechanisms mediating such phenotypes. For example, Long Sleep ALDH2. One of these gene variants generates a nonfunctional enzyme that is common in Asians. People (LS) and Short Sleep (SS) strains of mice differ in their sensitivity to sedation induced by alcohol. Four major with one or two copies of the defective gene respond to alcohol consumption with intense flushing and other QTLs influencing this trait have been mapped, respectively, to mouse chromosomes 1, 2, 4, and 18. 6 unpleasant reactions, such as dizziness, shortness of breath, anxiety, itching, and palpitations, symptoms In the same strains of mice, five common chromosomal regions were associated with both hypnotic sencollectively referred to as the flushing syndrome.
Researchers have suggested that people with two sitivity to ethanol and striatal neurotensin receptor density. 6 The large overlap between the sets of chromocopies of the defective ALDH2 allele (ie, who are homozygous) will produce higher levels of acetaldesomal regions influencing these two traits suggests that striatal neurotensin receptor density may be a determihyde, leading to severe flushing symptoms. 9 Because of these genetic factors, people homozygous for the nant of hypnotic sensitivity to ethanol.
In tests of sensitivity to convulsions during with-ALDH2 allele may be less likely to drink excessively, and thus to become alcoholic. People with one copy of drawal, QTLs have been detected on chromosomes 1, 2, and 11. The next step will be to use positional clonthe defective allele (ie, who are heterozygous) also flush after ingesting alcohol but still may be vulnerable ing (which will first require more precise genetic mapping using inbred strains) and candidate gene to developing alcoholism as a result of their interactions with environmental factors. 10 approaches to advance from chromosomal regions to single genes. 7 An interesting initial finding is that the QTL on chromosome 11 falls in an area where a cluster Dopamine and GABA Using two molecular approaches, direct analysis of of GABA␣ receptor subunit genes has been mapped. Likewise, the QTL on chromosome 2 is located in an candidate genes and whole genome linkage, a number of other vulnerability alleles have been identified in a area in which two glutamic acid decarboxylase (GAD) genes have been mapped. Research is in progress to sample of Native Americans. 11 A suggestive linkage has been found on chromosome 4, in an area where a determine if these genes are implicated in the severity of withdrawal. 7 GABA receptor gene cluster is located. 11 A less striking linkage on chromosome 4 corresponds to the gene clusOther genetic manipulations being used to elucidate alcohol-related behavior include knock-out and chimter for ADH. 11 Significant linkage also has been detected in the region of the chromosome containing tive to ethanol and others that are especially resistant compared with normal flies. The researchers are in the the dopamine DRD4 receptor gene. Further research will determine whether these candidate genes have a process of cloning six mutated genes. 14 One of the genes has been shown to encode a homolog of a mamrole in determining a person's vulnerability to alcoholism.
malian neuropeptide that stimulates adenyl cyclase. This result suggests that lower brain cAMP levels may be the basis for the increased sensitivity to alcohol Adenylate cyclase Adenylate cyclase is another enzyme that has been observed in flies. 14 The powerful genetic methodology available for fruit flies can lead to rapid elucidation of implicated as a potential marker for a vulnerability to alcoholism. This enzyme plays a role in the signal the physiological mechanisms of alcohol sensitivity and tolerance in this species. Because many fly genes transduction pathway of several hormones and neurotransmitters. The activity of the enzyme has been have human homologs, tests can be readily devised to determine whether the mechanisms deduced in flies reported to be lower in the blood cells of alcoholics, abstinent alcoholics, and individuals with a positive also occur in humans. family history of alcoholism. People with lower enzyme activity may have an innate tolerance to alco-
Research findings from the Collaborative Study on
hol (ie, they are believed to drink more alcohol to the Genetics of Alcoholism obtain alcohol's effects, a pattern that could lead to alcohol abuse and alcoholism). Although it is not yet In 1989 NIAAA initiated the Collaborative Study on the Genetics of Alcoholism (COGA), a large-scale, mulknown whether these correlations imply a mechanistic role for adenylate cyclase in the etiology of alcoholism, tidisciplinary research program to investigate the genetic components of susceptibility to alcohol abuse and ongoing investigations are addressing this potential link.
dependence. COGA involves six research centers located across the United States. At these centers, famOne of the nine known isoforms of adenylate cyclase, isoform VII, appears to be unusually sensitive ilies with histories of alcoholism are genotyped and phenotyped. As of January 1997, a total of 9946 people to activation by ethanol. 12 Attempts to clarify the possible mechanisms involved in this sensitivity showed have been recorded into COGA's database. 15 that protein kinase C activation may, to some extent, affect the ability of ethanol to activate type VII adenylAscertainment and assessment COGA's ascertainment protocol allows researchers to ate cyclase. The type VII cyclase is highly concentrated in the cerebellum, especially in the Purkinje neurons, characterize familial distribution of alcohol dependence and related phenotypes for multiple domains, an area previously implicated in ethanol sensitivity. 12 Studies are under way to determine whether genetic thus providing the basis for selecting the quantitative and qualitative variables for genetic analysis. 16 variability of type VII cyclase activity influences ethanol consumption in rodents. Early in COGA's development, it was recognized that existing diagnostic classification systems were insufficient. 17 For example, early systems ignored comorbidGs␣ and tissue sensitivity to alcohol G proteins amplify signals originating from the cell's ity, omitted items to provide for a phenotypic subform, overlooked symptoms such as age of onset and external environment and destined for transmission into the cell's interior. The proteins have a pervasive impairment/incapacitation, and often failed to distinguish between alcohol use and other drug use. role in transmembrane signal transduction, as evidenced by the number of receptors and effector molBecause of these limitations, COGA investigators devised a new interview system (the Semi-Structured ecules coupled through G proteins. Alterations in G protein expression can lead to a variety of metabolic Assessment for the Genetics of Alcoholism or SSAGA questionnaire). 17 This questionnaire was developed to alterations. Six G proteins have been related to adenylate cyclase activity. 13 Inherited differences in the susallow for multiple definitions of alcoholism by including features to assess alcohol dependence syndrome as ceptibility of adenylate cyclase signal transduction to the effects of ethanol may be the basis for the inherited well as questions designed to detect a clustering of symptoms and questions aimed at determining medical differences in susceptibility to alcohol's effects found in some individuals. 13 Related research findings show history, emotional problems, and incidences of suicide and psychosis. 17 that enhanced expression of Gs␣ may be a marker for increased risk of future development of alcoholism.
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Phenotyping COGA participants A serious drawback in identifying phenotypes of Drosophila as a genetic model system Drosophila genetics are being studied to gain a better alcoholism is the fact that a common definition of this disease does not exist. Although the diagnostic understanding of the mechanisms of some alcoholrelated behaviors.
14 A column saturated with alcohol schemes in use today (ie, ICD-10, DSM-III, DSM-IIIR, and DSM-IV) have commonalities (ie, behavioral, vapor (ie, an 'inebriometer') was used to isolate flies with altered sensitivity to loss of motor coordination physiological, neglected responsibilities, and existence of craving and tolerance), none of the schemes is flawinduced by alcohol. The investigators have isolated mutant strains of flies, some of which are more sensiless. A clear description of the phenotype of alcohol-ism is essential for the accurate identification of risk. 18 firmed a genetic influence on P300 amplitude.) In a separate but related study, COGA scientists are searchThen, once a phenotype(s) has been discovered, it can be linked to a genetic marker. The successful hunt for ing for genes influencing P300 amplitude. Results thus far suggest linkages on chromosomes 2 and 6. 23 the multiple genetic basis of alcoholism will require study of a number of phenotypes representing the many different aspects of the syndrome being conGene-environmental interactions sidered. Latent Class Analysis is being applied to symptoms related to alcoholism and alcohol abuse to Gene-environmental and gene-gene interactions are ubiquitous. 24 Unfortunately, most linkage analyses identify groups or classes of phenotypes. Four different classes of alcoholism have been identified that progress ignore these interactions. 25 Methods are now being developed that take into account gene-gene and genein severity and cut across current diagnostic domains. 19 environment interactions. Continuous, reliable measures of the environment will be required to provide much more power for detecting gene-environment Genetic linkage and alcoholism For their whole-genome screen, COGA has utilized 291 interactions. By using a model of disease transmission that allows for gene-gene interaction, investigators will markers on about 1000 subjects. 20 Because no one statistical method is capable of managing the task of findbe able to substantially increase the power of their studies to find the genes related to alcoholism.
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ing the genes influencing alcoholism, COGA investigators are using a variety of approaches, including For example, the COGA investigators carefully studied those families with a high degree of IBD sharing of candidate genes and whole genome screening. COGA scientists are also using several definitions of alcohola region of chromosome 1 previously implicated using the whole genome screen. The scientists discovered a ism to maximize the chances of finding the relevant genes.
second locus highly linked to alcoholism in this subset of families. The product of this second gene presumThe middle of chromosome 1 has consistently been implicated in alcoholism using two different disease ably exerts its influence on the development of alcoholism by interacting with the product of the gene that definitions and two analytical methods.
21 Other chromosomes with possible evidence of linkage include 7, maps on chromosome 1. Its effect would have been much more difficult to detect if a search specifically 16, and 4. The next step will be to confirm the current findings in a second sample of 1000 subjects. For those allowing for interaction with the locus on chromosome 1 had not been undertaken. linkages that are confirmed, investigators will attempt to narrow the region of interest on each chromosome using flanking markers. Once these regions are narEnvironmental factors regulating gene expression Environmental signals-including drugs whose effects rowed to 1-2 centimorgans (cM), they can be examined at the molecular level to determine the true nature of are mediated by neurotransmitters, such as dopamine and glutamate-also regulate gene expression and the the genes influencing alcoholism. In an ancillary study, the COGA researchers have found that variation in the efficiency of transcription in the nervous system. 26 In the presence of cocaine, striatal dopaminergic stimu-DRD2 gene (previously believed to be associated with alcoholism) is unlikely to be related to differences in lation was markedly enhanced. The result was a wide variety of potentially biologically significant changes susceptibility to alcoholism. 21 in responses within the striatal neurons. 26 These responses could alter gene expression in such a way Phenotypic markers for alcoholism Traits in several domains are known to be associated that the functional properties of neurons are also altered, ultimately resulting in changes in behavior. with alcoholism, including expectancies and personality measures. However, an individual's level of Although they will be more difficult, these kinds of analyses will need to be done using alcohol. Such studresponse to alcohol appears to be one of the strongest predictors of future alcohol problems. 22 The COGA ies eventually will lead to explanation of the fundamental mechanisms by which addictive behavior is study includes several components-including electrophysiological testing using noninvasive scalp elecproduced. trodes-designed to clarify how level of response is linked to alcoholism.
Genetic-environmental interactions in development and expression of cardiovascular disease
The electrophysiological component most frequently tested in alcoholics and family members of alcoholics
The goals involved in searching for a genetic basis of heart disease are identical in principle to those for is the P300 wave (a positive brain wave that occurs about 300 milliseconds [ms] after a given stimulus).
alcoholism: (1) to improve risk assessment using genetic information; (2) to define genetic factors that conSeveral studies have found that abstinent alcoholics exhibit a reduced P300 response. 23 In addition, subtribute to the etiology of the disease; and (3) to understand the interactions between genes and the jects at risk for alcoholism, particularly sons of alcoholics, display a similarly low P300 amplitude environment. 27 The reasons for conducting this research are also the same-to aim interventions and before they have ever taken a drink, suggesting that P300 amplitude is a genetically influenced trait. 23 prevention efforts at susceptible genotypes. For example, studies of the apolipoprotein E (APO-E) gene (Independent studies by other investigators have con- physiological mechanism that could place individuals
